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Introduction 

The primary broad objective of this work w a s  to dwelop the best 
generalized method of labellng organic materials by exchnghg hydrogen vith 
t r i t i u m .  Of more particular interest vas the pmducttan of radio-tracers by 
application of the best  tritiu labeling method to coal and t o  pIpducts de- 
rived from coal by hydrogenation o r  other processes. 
ultimatelg be for studies of the mechanism of physical. and chemical processes 
i n  which these materials are used. 

These tracera MU 

Generally, the materials that are to be labeled for coal processing 
In such research are of ve-7 cmplex and usually unknown chemical structure. 

cases, labeling w i t h  carbon-14 is precluded since the o n l y  method avaiLable 
for incorporating t h i s  polyvalent isotope I s  chemical synthesis. 
hand, potentially any organlc material can be tagjpd w i t h  tritiua since the 
universally present riionovalent hydrogen is susceptible to Isotopic exchange 
under proper conditions. ! 5 i s  applies to non-descrlpt organic materials as 
wexi as pure cmpounds. 

On the other 

The most Important qualification o f  any labeling method I s  that it 
yields t racers  of chemical structure identical  w i t h  the material being labeled. 
Any prociuction of tagged by-products of altered chemical structure requires 
stringent post-labeling purification before trustworthy tracers would be ob- 
'a ined 

THO general methods of t r i t i u m  taqgfng have been evaluated. Iha 
f i r s t  evaluation vas of the sore familiar Wllzbach method, vhlch Induces 
self-labeling by the beta radiation fran t r i t i u m  ,w in contact Vith the 
material. t o  be tagged. Ranemus d i f f icu l t ies  were found in t h i s  method of 
produci?lg tracers, mostly a r i s i n g  frcm ratiiolysis m g e  to the tracer, as 
w i l l  be pointed out later. 
developent of a new method, based upon a highly reactive t r i t i a t i n g  reagent 
that  promises wide applicability. This l a t t e r  method u t i l l z e s  catalyt ic  
act ivi ty  t o  promote Isotopic exchange of t r i t i u m  in'to the tracer, BS apposed 
t o  the radiation induced exchange of the former m e t h o d  V L t h  ita merent 
molecular Wage. 

Mssatisfaction VLth  the WLlzbach method led to 

30th labellng wthods have been tes ted  on hydrocarbons that typify 
chemical structures expected i n  coal and c o d  derivatives, to provide back- 
ground infomation for tagging these materials. This iss tFu considered an 
Interlm resort, In the sense that much more extensive vork is indicated to 
determine the variety Of compounds, other than hydrocarbons, that can be 

%s work was supported i n  part by the Division of Xsotopes Dewlopmant, ' 
U S .  Atomic Bergy Commission Contract No. AT (30-1) - 2350, Task 11. 
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successfully labeled vith the t r i t i a t i ng  reagent method. It is conceivable 
that this method may be sufficiently universal to apply, not only to a vide 
array of coal and petroleum materials, but also to some phmnaceutical and 
biological ccmtp0und.s. 

acid catalysts to p m o t e  hydrogen isotopic exchange, especiallp w i t h  deuterium, 
the past methods have several disadvantages. Same isotopic exchange i s  ob- 
tained v i t h  powerful inorganic acids as concentrated sulfuric. However, it 
cannot be considered as a generalized isotopic exchange reagent because of un- 
desirable sulfonation reactions vith aromatic compounds. Also, the exchange 
rata is often not very fast. 
temperatures to effect  a reasonable rate of exchange. 
undesirable side reactions as formation of t a r s  and polymers are observed fo r  
arcnnatic hydrocarbons. 

!Chough much vork has been done i n  the past on the use of acids and 

Weaker acids as phosphoric require elevated 
Under these conditions, 

We then considered boron t r i f luoride as catalyst  to promote isOto@c 
exchange, with t r i t i a t e d  phosphoric acid as the t r i t i u m  carrier.  The boron 
t r i f luoride fonns a one-to-one molar camplex vith phosphoric acid and it was 
soon observed that t h i s  complex was a powerful t r i t i a t i ng  reagant, free of 
side product generation fo r  many tes ted  hydrocarbons. 

Experimental Procedures 

General 

Three m e t h o d s  of assay of the specific act ivi tg  of t r i t i u m  in  tagged 
samples were examined. 
i n i t i a l l y .  
Tolberts. 
the.radioactivity of the gasified material determined i n  a gas ion chamber 
a8 described by Tolbert3. The ion current Is measured with an electrometer. 
This method was satisfactory for materials of high activity,  of 100 uc/@ or 
more. It did not have suff ic ient  sensi t ivi ty  for accurate a s s a y  of low 
act ivi t ies  such as 1 to 0.1 u c / g  because of extraneous fluctuating background 
readings. 

The zinc fusion - gas ion chamber method was t r ied  
The method has been described i n  detail by Wilzbach1,2 and by 

!&a t o t a l  sample i s  gasified t o  a mixture of mostly H2 and & and 

The second method t r ied  was direct  l iquid sc in t i l l a t ion  counting of 
A single channel counting apparatus w a s  assembled as described the sample. 

by Hodgson and Gordon4. 
pl ie r  tube (Type 9536A, EMI Electronics Ltd., England) w a s  used i n  a cold box 
a t  - lO°C fo r  sensing the scinti l lat ions.  
consisted of a preamplifier and comnercial scaler. The method was satisfactory 
for  relatively few pure colorless Liquids. 
natural or model campouads, are colored o r  highly quenching i n  the l iquid  scin- 
t i l l a t O D s  and cannot be counted th i s  way. 

A special. low, dark current, l o w  noise photo m u l t i -  

Attached electronic counting apparatus 

Many of our materials, e i ther  

The final method sdopted is applicable to a U  types of or@c pro- 
ducts, including highly colored natural materials. 
been previously recommended by Quinn5 and involves d q f  combustion of the sample 
f a m e d  by Uquid sc in t i l l a t ion  counting of the collected product water by 
vell-established water-counting techniques. The method i s  more rapid than zinc 
fusion, up to 20 samples per day cart be assayed as opposed to about 4 fo r  the 
former method. 

The nethod i s  one that has 

It is  suff ic ient ly  sensit ive f o r  accurate assay of specific 



ac t iv i t i e s  dovn to 0.U uc/gm, 
another order of -tude by use of mre modern dual channel l iquid scip- 
tiyation counters. 

Sensitivity could probably be extended 

To test f o r  radio-chedcal purity of tracers, or conversely, the 

A 
dist r ibut ion o f  t r i t i um w n g  iqpurities and parent tracer, vapor phase 
chromatograghy vas used in the manner described by U e s z  and Uilzbachs. 
sanple is  elutr ia ted thmugh a Perkb-Eher Chrcnnatograph. 
the chromatograph YBS -sed thmugh a t h e w  conductiety cell and a con- 
t3nuous f low ion chamber in series. A ,dual chromatograph w a s  thus obtained,. 
'1Ihe recorded output of the thermal conductivity c e l l  shovs the mass associated 
vith each -Mated peak while the recortiing of the ion chamber current @yes 
the amount of radioactivity associated vith corresponding peaks. 
tagged tracers are of lou activit ies,  belav the sensitivity of the ion-chamber 
detector, 
in i c e  traps and then assayed by combusttap and Uquid scintillation counting. 

?Ihe effluent frcrm 

In some casea, 

In these cases, the elutr ia t tng peaks are. collected individually 

Wilzbach Method 

The W i l z b a ~ h ~ ~ ~ ~ ~ ~ ' , ~  m e a  of Labeking has been ueU described in 
previous Uterature,  It consists of exposing the m a t e r i a l  t o  be tagged to 
several curies af pure tritium gas in a sealed reaction vessel. for s e v e r d  m. 
Trl t ium ex&ange for  bound hydrogen OCQLTS under the! influence of the beta 
radiation from the t r l t i u m .  Unfortunately, besides isotopic excbuge, the 
p a r e n t  compaund undergoes radiolysis such that hieprY tagged side proilucts are 
always produced. 
the t r i t i u m  between the parent unnrodified cmpound and that of the side pro- 
ducts of altered chenical structure. 
matography procedure described above. 
duced by t h i s  sethod w a s  carried out by preparative vapor chrcmatography as 
well as ordinary techniques as micro-distillaffon and crystatllzaffan, 

zlhus, it becomes important to determine the distrihutFan af 

This vas done according to the chm- 
M i c a t i o n  of labeled materials pro- 

The procedure f o r  making and using the phosphoric acid-boron Suafide 
t r i t i a t i n g  reagent is very simple as indicated in W g u e  I. 
water and phosphorus pentoxide are mixed stoichiometrically t o  #ve absolute 
tritiated phosphoric acid. Then boron fluoride gas is buboled in to  the acid 
until it is  saturated (absorption is rapid) which yields a one-toone ratio of 
BF3 t o  acid, forming the complex shown i n  Figure 1. This coaplex reagent is a 
very dense liquid, immiscible w i t h  a l l  hydrocarbons, but soluble i n  organic 
compounds containing oxygen. 
for extended times. 
will lead t o  hydrofluoric acid attack of the glass sufficiently to  dissolve 
through the container. 
as for tagging experiments that extend beyond 2 or 3 days. 
can be used w i t h  the reagent i n  experiments las t ing a day or tvo. 

Firs t ,  tritiated 

?!his reagent m u s t  never be stored in  glassvan 
An Fmperfact seal,  d3.w long water vapor absorption 

- 
Polyethylene ware i s  used for long-term storage as w e l l  

O r d i n a r y  glassware 

The specflic ac t iv i ty  of t r i t i u m  Fn the water used to form the re- 
agent is the primary determinant of the specific act iv i ty of the ultinate tracer 
treated w i t h  the reagent. 
sired, high concentrations of t r i t i um oldde are used in m k i q  the phosphoric 
acids. 

Thus i f  very high specific act ivi ty  tracers are de- 
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To tag BP organic liquid, it is SimBly stirred in  a round-both 
flssk with fihe reagent. 
%e r a t i o  of reagent to material beinq tagged I s  arbitrarg, determined t y  
e t h e r  one wants to transfer most of the t r i t i u z n  In  the reagent t o  the materisl 
or Only a Uttie. 
t l s t i c a l l y  distributed among a l l  exchangeable hydrogen positions, including the 
threa of phosphoric acid. In  t h i s  preUainary vork, ve have used a 2 to 1 mass 
ra t io  of material being tagged t o  reagent. 

S o l i d s  are ground firm and slurr ied vith the reagent. 

A t  e q ~ l l b r i u m ,  the t r i t i u m  atcxas i n  the mixture are sta- 

i 

I 

In tagging of coal and coal extmt, the materia l  vaa f i r s t  ground 
The tagged s d l l d s  were reco-rered 

Ihe cake vas washed three t h e s  via water and M c e  uith I$ 
to -200 mesh before contacting the reagent. 
by filtration. 
NaOE solution and agah with water until neutral. 

After exchange taggin@;, hydrocarbon l l q u i b  as tbluepe are simply n- 

If' the organic material dissolves in the rez,-t, as anisole does, 
covered by ckcantat ioa in a separatory funnel and solids are collected by fil- 
tration. 
then a rev drops of vater  carefully atided t o  the mixture uIU. result i n  s e w  
ration of the orgarric phase for  decanting. The tracer is then vashed several 
m e 8  w i t h  water and dilute sodium bicarbonate to remve all of the reagent apd 
Labile tr i t ium. 

The radio-chemical purity of the t racsrs  produced uith the TE+$04*BFs 
reagent l e  demanstrated by examining for any loss i n  specific act ivi ty  when 
thc tracers are subjected t o  three stages of purification. 
treatea vith sodium to  W n a t e  any labi le  tritium. 'phis i s  followed by frac- 
tianal d i s t i l l a t i a n  and f ina l ly  by preparative chranatography uith discrizi- 
native collection of the single oeak ideutified as the o r i g i n a l  co~pound. 
have found that  these purity t e s t s  are more dependable than the dual radiation- 
mass detection chromatography alone. 

The product i s  firat 

We 

Sol id  materials such as coal extract and coal vere only tested for 
gmss physical changes after tagging, such as melting point. 

Results - 
Evaluation o? the Wilzbach T a d n g  Method 

A series of pltce ammatic hydrocarbons, typical of hydrocarbon types 
found i n  coal hydrogenation oi l s ,  were tagged by the Wilzbach mthad. 
results obtained are given in Table I. Included are the tests for radio- 
& d e a l  purity of the labeled products as determined o w  by vapor phase 
chrmatograg&y uith dual radiation and mass detectors. 
apparent radiolysis -age decreases both with increasing ammaticity and w i t h  
the number of ,%ed rings. In general, the amount of radiolysis daztage seemed 
encouragingly small for high molecular weights. 
m e d  to the tagging of a ser ies  of narrow-boiling fractions of o l l s  derived 
ircnn coal hydmgenation. Boiling points ranged f m n  233 t o  355°C and the oils 
are considered as high molecular weight. 
radiolysis damage was quite small .  
boiYng fractions, the percent tritium i n  side products seen on the dual chro- 
  to graphs w f ive percent or less. 

The 

It is noted that the 

The method was then likewise 

Here a&a, the apparent amount of 
W i t h  the exception of one of the middle 

E[owever, such snomalous results were obtained in experiments vfth the 
Wilzbach tracers, even vith the simple comgounds purified by chmmatography, 
that IXUXW rigurnus examination ai radio-chemlcally purity became imperative. 
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Haphthaleoe vas chosen for a mre stringent inveatlga~on of the 

purity of the Wilzbach tagged material. 
investigation aseared,  by chmmstograljpr, to have even l e se  bgged impuri t ies,  
i.e., 6.3 percent as opposed to 13.1 percent for tihe earlier saruple &om in 
Table I, 
the tritiated naphthdene vas run through a fresh column vfilch w a s  then flu&& 
w i t h  water vapor. 
w i t h  the naphthalene peak, 4% vlth the l i g h t  hydrocarbon isBurfties and 34% YBB 
w e d  aut '~lherefore a t  least 348 of the t r i t i u m u a g  
in unstable radiolysis products that were retained by t b  column, 
the naphthalene c o d &  be o d y  62$ radio-chernically pure. 
ope i3hml.d not pleu radio-chmmatogmphy as a sufficient test a f  radio-ckoical. 
P M t y .  

The nephtsalene newly tagged for this 

Suspecting bo1d-u-p of some radiolysis impuri t ies in the chrciuatop@, 

This revealed that only 625b of the radioactivi.ty Ctutriated 

thr sasequent  vater. 
Thus, at best 

This points out that 

Eext, Uuted, tritiated naphthalens vas nm through a series of purt- 
fications as sham in Table II. 
possibility of labi le  t r i t i u m  in radiolysis iq&ties, that cariLd have t r8n~-  
ferred to  the chrolmrtograpblc packing (Perkin-ELmer 
out by vater. 
drop in specific a c k i v i t y  upon sodium treatment is due to such hydrogen in 
radiolysis impurfties, R e c r y s t n l l r t i o n s  s l o w l y  but def'initdy decreased 
specific acwvifq - Rrrther evidence of radio-chendcal mty. Fraction dis- 
tF lzs t ion  (under -lacum) reduced &astical ly the specific activi.tg of the ceatar 
cut of naphthalene, doM to about a third of the i n i t i d  activitg. Thua dis- 
t i l l a t i o n  reduced the specific act ivi ty  more than chramatoeapky, shoving that 
all that elutr ia tes  w i t h  ihe naphthalene peak fmm the c h r m a t o p p h  is not 
tagged naphthalene. The longer residence time a t  elevated temperatures i n  dis- 
t i l l a t i o n  msy have remove .d unstable radiolysis products, such as by polytceri- 
zation, maldng distillatian a more eff ic ient  purif ier  than chromatography. 'Ehe 
question mark in the last rou of Table II indicates that even after the shovn 
purification schemes, there I s  not absolutc assurance that the naghthaLCne is 
ccmipletely d o - c h e m i c a l l y  pure, 
i n  a de-taggtng isotopic exchange test w i t h  benzene at  380°C resulted in 16.6% 
loss of tritius from the naphthalene, whereas when tritiated naphthalene pro- 
duced chemicallg (ami more Ukely pure) was used under the same conditions, no 
exdwnge lass of tritium vas obserwed, 

The sodium t rea t~~er r t  vas suggested by the 

A) and then be flustred 
Since there is no Labile hydxogen in naphthalene, the obsemed 

In fact ,  using this final tagged naphthalenu 

!Bum, r-s during self-labeUng, pmduces contaminante, i n  trace 
chemical amounts but of very high specific activity, w h i c h  have physical proper- 
ties so c lose ly  resembling the parent campound or SO minute i n  quantity, that 
they are  not distinguished by chmruatopphy and dew all but the moat pains- 
taking purifications w h i c h  may be prohibitively extensive. 
l i t t l e  specific a c t i v i t y  remains in  the purified tracer. 

It follove that but 

We are not alone in these observations of purification problem uiih 
the Wilzbach method, as several others reported i n  late 1960 or  ear ly  lsl. 
c i t e  a few o e r s ,  a group working a t  the university ~ o m e ~  on 8 e - m ~  
of substituted benzenes and i~ Bureau of Mines G m P  that labeled numerous or- 
gauics associated vith gasoline, had both then observed that careful purLficatio?l 
is required. Wilzbachs too has pointed t h i s  out - quote9 "In v i e w  of the number 
of t r i t i a t e d  implL-ities vhich are likely to be present, it- is perheps xwnarfrable 
that radio-chemical purity c80 be achieved for any but the simplest of com- 

To 

p o ~ w ,  unquote, 
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A t  this point, it vas deemed wise to  searcb for  another nethod of 
tritium labeling, for  certainly if simple s i n g l e  coqounds ere  SO d i f f icu l t  
to  obtain radio-chemically pure, it would be pracdce l ly  inpossible t o  cm- 
pletely remove radiolysis contaminaats from complex mixtures derived from 
coal. 

Evaluation of the TBrFQa'3F7 !Paaging Method 

In i t i a l  work was carried out on the evaluation of concentrated sul- 
furic acid as a reagent for  isotopic exchange tagging of t e t r d i n .  This method 
vas abandoned when it was foilnd thet the fomationcf sulfonation products could 
no t  be a7:oided and tagging was rather slow. 
a reazent. 
reasonable tagging rates. 
fo--;led by apparent polymerization reactions, invaliciating t h i s  approach. 

- A l l  subsequent irork was devoted to  the use of the t r i t i a t e d  phosphoric 
scid - boron fldoride con2lex as the tagging reagent. 
t h i s  material was a very powerful t r i t i a t i n g  reagext w h i c h  m-ercones *be de- 
ficiencies outlined above for  other acids, i.e., it i s  both non-destructive and 
fast .  

Phos@oric acid was ne.* t r ied  as 
Zlevated teqera iures  o f  85"c o r  biglber w e r e  required t o  obtain 

A t  these temperatures, by-product materials w e r e  

It w a s  soon found that  

Sone i n i t i a l  resul ts  of tagging witkt t h e  t r i t i a t i n g  reagent are shovn 
in Table III. 
T92?04*BF3 which had a ,?cific acti.iity of 1400 uc/gm, except f o r  a,?isole where 
the r e a p t  had a specific ac t iv i ty  of 380 uc/g .  
was accoqlished i n  less than 8 hours. 
a m a t i c  coqo.mds tag 7 e r j  =pifly as demonstrated by the f i r s t  f ive  l i s t ed  i n  
Table III. 
methylcyclohexane and decalin also t a g  b u t  a t  a lesser  degree. 
d ipha t ics  as exemplified by cyclohexane and n-octme amear not t o  t ag  at all. 
In fact ,  fractional d i s t i l l a t ion  and preparative -hronato=graphy p r a c t i c u y  
elFminates the t r i t i u a  ac t iv i ty  from these two purified aliphatics.  Thus there 
seem to be some select ivi ty  i n  this method of labeling, with preferential label- 
ing of  aromatic hydrogen positions, considerably less for  hydrogen on t e r t ia ry  
carbon atoms an& essent ta l lg  none fo r  non-tertiary alkane hydrosen. 
studies vi11 detemdne #e degree of labeling of o the r  forms of hydrogen as those 
on carbon atoms adjacent to carbonyl group and other chemically activated forms. 

These conpounds were all mixed w i + A  half t h e i r  veight of 

The degree of tagging sham 
It i s  imediately apparent that  the 

The non-aronatics tha t  contain a hyL-o,@a on t e r t i a ry  carbon, namely 
The non-branched 

Future 

The radio-che-dcal purity of the tracers produced with Ti12F04'BF3 is 
demonstrated by coqarison of the last two colizms i n  Table I11 and is indeed 
encouradng. The three purification steps applied were described ear l ier .  The 
purity results, that is the agreement be'ween the l a s t  two colursns in  Table III, 
in3lcate #at essentially all the ti-itim raciioactivity is i n  the radio-chemic- 
pure tracer,  re-overable a t  yields be t te r  '&an ?Of. The small tagging observed 
i n  the l zs t  two coapounds - the non-branched allphatics - i s  attr ibutable to  
chenical impurities or i@nally present before tagging. Tadications are tha t  i n  
most cases, i f  one starts with an absolutoly pure compound, after-purification of 
the tracer is unnecessary and the only reaction that occurs i s  tagging by ex- 
change of t r i t i u m  for  hydrogen. 
the major portion of bound t r i t i u m  i n  radiolysis impurities i n  the Wilzbach 
method. 
(about O.$) of new side products upon treatment w i t h  the tagging reagent. 
These side products are easi ly  distinguished and removable by preparative 

This w a s  xost gratififing as opposed t o  finding 

In conpounds sr idied so  far ,  only isooctane exhibited some fomation 

ChrnElatOrnPhY. 

t 
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It is ateresting to note in Table IEC that c i s  and trans decalln 
do not 
cydohexane solution (IO$) to facFlitate contact with the reagent, 

at identical rates. ALSO note that naphthalene was tagged in 

Sane p r e . l = = - y  kinetic data on tagging w i t h  the TH&Q4'BF3 are 
Figure 2 compares the tam rates of three 

Tbia is  due t o  the molecular electronic dim- 

presented Fn Figures 2 to 5. 
aronatic conpounds under s h i h r  conditions. 
more rapidly than benzene. 
t i o d  i n f l u e n c e  of the substituted groups on the benzene ring vblch activates 

Tetralln and toluene tag much 

artxilatic hyclrogen exdmnge. 

It is seen from Figure 4 that anisole tags men more rapidly than 
tetralln o r  toluene. W s  is in line with the  exqected stronger electrunic 
directional influence of the ether substituted benzene r i q  than the methyl 
substituted ring. 

Figure 3 clea.rly Uustrates the strong temperature d e p m e  of 
tagging rate as observed f o r  benzene. 
accelerated in cases vhich may be relatively slar. 

T.bus tagging to quilibrlum can be 

Attention was then turned to tag- solids, including coal and 
derived products. some results are shown in Fignre 6, 21be extract, 
derived by hot tetralln extraction of a F-lttsburgh Seam mal ( N a n d  bfine) 
is solid a t  the tagging teqerature of 23Oc. 
to the extract is obviously quite low, vhich is at least partls due to the 
fact that it mnst be predcnzdnaut3.y a surface reaction. 
(1- Mine) as shun in Figure 6, tags at au even s-r rate than the 
extract. 
flection o f  more isotopic or molecular dLHuion  in the extract. 

The amount of t r i t i u m  exchange 

The coal itself 

m e  reason for the lover rate is not clear though it may be a re- 

Another sample of Pittsburgh Seam coal, but fram the h t o u r  Eo. 4 
mine, uas used to study the tagging rate Over an extended period of time, Le. ,  
I20 hours. 
to reduce effects of oxidation. The coal also had been extracted with bciling 
methanal. t o  remOve any resinous materials fmn the c o d  particle surface that 
might inhibi t  contact w i t h  the Labeling reagent. 
coal continues to be exchange-labeled over a long p r i o d ,  probably by t r i t i u m  
dLPfusion through the solid coal, The theoretical  U n i t  ( e w e n e d  later) of 
labeling 
pared to only 30 uc/= at ta ined in 120 hours. 

These results are in Figure 7. A fresh sanple of coal  was used 

The results show that the 

of the 4.334 hydrogen content of this c o d  is $5 u c / s  as com- 

Solid naphthalene vas tagged i n  the sane as coal wi"& the results 
also show in Figure 6. 
mqhthalene is tagged in the form of a 1 6  solution in cyclohexane, the t r i t i u m  
exchange is very rapid as is seen i n  Figure 6. 
rate of tagging of coal and extract  is p r h a r i l y  aue to  slow t r l t i u m  m i o n  
through the solid and not necess- connected vlth any deficiency of ex- 
changeable aromatic hydrogen, since the aromatic naphthalene also tags very 
slowly i n  the solid state. 

It tags even more slovly than coal. However, when 

It i s  apparent tha t  the slov 

Discussion 

Products of Wilzbach Tag@% 

It is clear  that the ChmmatOgrapJa is not a sufficient cr i te r ion  for  
radio-chtmical purity of tracers pmduced by the Wilzbach method ~ I W X  m C  
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hydmcarbons. 
naphthalene, for example, are unstable t r i t i u m  addition products rather than the 
desired isotopic exchange products. Sane of these, as d i t r i t i o  derivatives, may 
be unseparable ChrOnatographicaUy fmm naphthalene. Both the lab i le  character 
of the t r i t i u m  as seen by the i r  ease of removal vlth sodium and the suggested 
pomcr iza t ion  in the chrclmatograph (hold-up), vould f i t  the properties of can- 

The results indicate that  many of the tagged products, from 

pounds of t h i s  type. 

It may be concluded that the Wilzbach tagging method I s  unsuitable 
for  the production of re l iable  tracers frcan polycyclic aramatic comgounds. 
Required post-tagging purification is too extensive. 

EquiUbrium !J!a&ng W i t h  the T!EpF04*BF? Reagent 

A postulated mechanism of exchange labellng of an aromat ic  u l t h  the 
reagent was i l lus t ra ted  i n  Flgure 1. 
properties of the complex cause fomation of carbonium ions, accompanied by a 
proportional probability of adding a t r i t i u m  ion to the organic compound. 'Phis 
meta-stable ion can then loose a hydrogen ion, yielding the t r i t i u m  tagged com- 
pound. 

It is llkely that the powerful acidic 

The calculation of the theoretical  limit of tagging 1s based on the 
assumption that a t  equilibrium the tritium is s t a t i s t i ca l ly  distributed between 
all exchangeable hydrogen positions in the canpound being tagged and in the 
phosphoric acid complex. This leads +- the folloving expression for the t racer  
specific act ivi ty  ( S r  
function of i n i t i d  specific ac t iv i ty  of the reagent ( S;: ) J  the weight r a t io  
of tracer t o  reagent ( Wx / W r  ) and the number of exchangeable hydrogen positions 
( M" ) in the tracer. 

) obtained a t  equilibrium, o r  ultimate labeling, as a 

M, is the molecular weight of the t racer  compound. 

6 5 " ~  coincides ve l l  with the theoretical l i m i t  calculated fram Equation (I), 
&ere WX /*r 
long-term tagging studies of benzene have sham that the s a m  e q U b r i u m  specWc 
act ivi ty  i s  reached in 80 hours a t  23°C. 

As seen in Figure 3J  the experimental limit of tagging of benzene at 

= 0.5 and taking MN = 6. Though not given i n  t h i s  figure, 

the 
1.e. 

In Figure 5, it is seen that tagging of toluene at  23*c is approaching 
calculated LFmit af tagging for  f ive hydrogen positions but not for  eight, 

, , a l l  the aromatic positions are being tagged but not those on the methyl 
group. 
hydrogens, then the Limit vould be that  rcalculated for 3 hydrogens. Since t h i s  
is exceeded by the experimental c w e ,  the neta hydrogens must also be tag-, 
but l ikely at a lover rata than the 0-rtho and para types. 

If tagglng were being restr ic ted t o  only the ortho and para aromatic 

S h i l a r l y ,  in Flgnre 2, the results v i th  tetralin shov the experi- 
mental l l m i t  to a- w i t h  the calculated limit for four exchangeable hydrogen 
p ~ i t l o n s  vfrich a@n corresponds t o  tagging of a l l  of the aromatic positions 
d Y .  

\ 
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Anisole tagging, aa sham in Figure 4, a8ai.n IBhaTes lllra a t  of 
toluene, Tha cmparison of exgerimatd. lhdt of w i t h  ttioss calcn- 
l a ted  for 5 or 8 cxdmwe&la b~ydrogens agkis indicates that only the 5 
n a c  hydrogen positions are labeled and not the 3 an the methyl group. 

=mer conclusians c8p be reached fram equilibrium taggFng rrLative 
to  the number of exchsngcable positions by using a large excess Clf trltiating 
m-t. This h~mes the resdation hetveen l e v a  of tam vixz~ dif- 
ferent numbers of exchangeable m g e n  are considered, I 
then equation (1) reduces to the expressioa 

If Wi. >> Wx 

aad the equilibrium specific act iv l ty L3 thus proportional to the rumbar Oi 
-able hydrogens. On the ather hand if WP<( % , thcp t b  spaciflc 
act ivi ty  of the campound becomes independent of Nw , Future vork ufll there- 
fore be carried out to c o n f i n  the nmber of exchangeable positions by the 
use of a large excess af Mtiathg reagent, 

For the wight ratio used in t h i s  prellminarg work, *s /wr = 0.5, 
the equilibrium tagging L i m i t  is not very sensitive t o  the p e r  of ex- 
changeable hydrogen positions. The relative values for SA for toluew 
for  3,  5 and 8 exchangeable positions vith the above veight ra t io  are 
l:l.l:l.l5, vhereas using an excess of reagent would spread the relative 
values of $ to 1-:1,67:2,67. 

pnliminary E n m r f t i ~  of Exchange Reaction Kinetics 

The kinetics of' the isotopic exchange reaction with the tritiattng 
reagent may h e  discussed using the mechanism shova in Figure 1 as 8 basis. 
It may be assumed that  the opposing reaction rates are first order with respect 
to the concentration of the euchaa@;eable hydmgen positions in the t racer  and 
to the concentration of t r i t i u m  in the t r i t i a t i n g  reagent, 
deal ing  w i t h  a two-phase system, absolute rste constants cannot he obtained. 
This is true since the ra te  is undoubtedly a function OS the m m n t  of inter- 
f ac i a l  contact tuea betveen the hydracarbon and the phosphoric acid phasee, 
Meaningful ccxnparatlve rate data can be obtained, hawever, Ff canstant coa- 
ditions agitation ami a constant r a t io  w,/w, is in a s e r i s s  of 
camparable experiments. 

Since we are oftep 

It is known fm prior work on deuterium excbnge that  aromatic 
hydrogens ia different positions relative t o  orienting substituents op the 
benzene r ing  undergo exchange a t  considerably different rates. 
for aropatic exchange cap therefore be written in -zed fom ea 

The rate equation 

Subscript 
specific activfty. 

demtes the various tyBes of exchangeable hyamgap and S -tea 
!&a second tern w the r ight  side of the equation cofiespcmds 
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t o  the retsr&stion effect  of the reverse process, l.e., exchange of t r i t i u m  
iran the cmpound vith hydmgen in the reagent. It is assumed t h a t  the ratio 
of tritium t o  hydrogen is equal in both the reagent and carpound after equillb- 
rim Is established and thua the rate constants of the forvard and back re- 
actIan are equal. 

The integration of q u a t l o n  (2) becanes rather c@x vhen the 
specific ac t iv i ty  of the reagent decreases duTing the cOUZge of the reactiop. 
The initial rate can bet used if desired to obtain a “velghted” average rate 
fo r  all the exchangeable hydrogens 

However, Cue to the Vide variation In ra tes  between differeat ex- 
changeable hydrogens the calculation of such an average rate w o u l d  have Uttle 
significance. 

It is necessary to use the integrated foxn of equation (2) to der~ve 
values for  the Individual rate constants. 
future kinetic data v i l l  be obtained under conrlitions where a large excess of 
reagent‘ls employed, Le., where S,. may be treated as constant. 
of equation (2) beccanes rather s-e under such circumstances and leads to 

To facilitate such integration, 

Integration 

the exp~ssion 

%u@ 110 data were yet taken w i t h  such an excess of reagent, suf- 
f ic ient ly  extensive data w e r e  obtained M benzene t o  permit calculation of 
rate constants in t h i s  particular case without having SJ. constant. Since 
benzene has only one type of hydrogen, integration of equation (2) I s  rather 
sFmple in spite of the f ac t  that 5,.varles vith time under the conditims af 
our W r b e n t s .  !&e result is 

TO derive values of th6 rate constants one merely has to p lo t  thc lo&thmic 
t e n  on the left versus time. Tbis has been done for the benzene rate data 
at various temperatures and the results are glven in Blgure 8. 
st raight  lines were drawn thmugh the data by the method of least squares. 
fit to st raight  h e s  is rather good as seep. 

The best 
The 

For example, the s t a t i s t i ca l ly  



calculated correlation coefPicients ?or the d a t a  at 21 and 45'C are 0,969 
apd 0.m n s p e c t i v ~ ,  me values w rate constants, A ,  8n 

0.16 
2-19 
7.93 

21 
45 
65 

22. 

'5.e apparent activatian energy, calcrrLated fram an Arrhenlug plot 
of only three points of rate canstant VerPUB fzuperature, camrat CLaim im& 
accuracy but y ie lds  a vakre of about 17,700 cal/rwL 

A campartson may be made vitb recent rata data by O l s s d o  on ths 

The rate  constant for the BF3 reagent is greater by 8 factor of 200. 
rate of isotopic exchange between benzene and tritiated 8 ~ $  &SO4 acid at 
25'C. 
The rate constants in heterogeneous systems of this tspe are, of c o m e ,  not 
strictly camparable. Yet, the comparison shovs, a t  l e a s t  q U -  
tatively, the very powerful nature of the I.nG.pO4'RF3 reagent for prautoting 
isotopic exchange. 

Advantages of  the zI&W4*BFs Labellng Method 

Kany advantages of this nev method of labeling vith the tritiating 
reagent, TE2FQ4*BF3, have been demonstrated., as compared t o  the radiation Fn- 
duced self-labeling m e t h o d .  A smm3ary of these follara: 

1. V i r t u E U y  radio-cbemically pun3 trarers, vithaut highly tagged 
side products, are produced in many cases, 
plrrif'icatian required i n  the r a d i a t i ~  method,  
produced. 

in a few hours 89 compared t o  several days by the l a t t e r  method. 

*This obviates the extensive aftar- 
One has more faith in the tracer 

2. It is more mpid. The desired labeling can often be accmplhhed 

3. It is less involved. Ordlnarg chemical laboratory ware vill 
suffice instead of special vacuum trains and gas haadling systems. 

cause it avoids u s k g  &ticurie  amounts of radioactive gas (tritium) w i t h  the 
inherent possibi l i t ies  of leakage in gas handling systems. 

4. It i s  l ess  hazardous from a radiological health standpint, be- 

5. High specific act ivi ty  tracers cazl be produced vhen desired. 
P a c e r  ac t iv i ty  is  easi ly  controlled by the amount of t r i t i u m  one chooses to 
incsrporate i n  the reagent and the ratio of reagent to tracer compound nixed 
for labeling. 
pensive t r i t i a t ed  vater. It i s  a non-volatile Liquid and need not incorporate 
much more tritium than wanted in the final tracer. m e r  specific ac t iv i t ies  
of over a curie p e r  gram can be produced when &esired for experimrntal studies 
that ulll result in high dilutioa 

The tagging reagent i s  very simple to manufacture fmm inex- 
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m 1 e  Is: 

Naphthalene M t i a t e d  by Uilzbach Method 

Purification Treatment 

None 

Ra Treatment of Benzene Solution 

Recrystallization PrOIll Benzene 

Recrystallization From Methanol 

Fractional Distillation 

Complete Purification 

Resultant specific 
A c t i v i t y  (uc/@) 

80.0 

56- Q 
53.9 

50.4 
26. o 

1 
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M t i u m  !tlracers Produced W i t h  T!&2Or =m3 at 23*c 

Labeled c2apJUn d 
Reactian 

'pfme -nm- 
6.0 

6- 5 

5.5 

7.0 

6.0 

6, a 

6.0 

6.0 

6.0 

. 6.0 

6.0 

0.96 
16.3 
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